Study objective -To examine the association between body height, body mass index (BMI), and mortality in fertile women of childbearing age. Design -A prospective cohort study with a 29 year mortality follow up. Setting and participants -A cohort of women (n=11 997) expected to deliver during 1966 in two northern provinces of Finland. Data on height and prepregnancy weight, collected with those on sociodemographic characteristics and smoking by questionnaire at the third trimester, were provided by 91 % of the participants. Follow up for mortality using national registries was from delivery until the end of 1994. Main results -Height had a 'U' shaped association with total mortality over the whole follow up time. In women who were shorter than average, the death rate from cardiovascular diseases was increased and in taller women this was true for tumours. Compared with the women of 'normal weight' (BMI 21 aimed to shed more light on the association between body height, body mass, and mortality from certain major groups of causes of death in fertile women of childbearing age by following up a cohort of women in northern Finland who were pregnant in 1966 and from whom a large amount of baseline data was collected during pregnancy, including height and prepregnancy weight.
The relation between body height, body mass, and mortality has been a topic of extensive epidemiological research. Most studies are restricted to white, middle aged or older, middle class men in western countries. There are fewer data on women of different ages and social and ethnic groups. The results of the few reports in young and middle aged females, as well as those, more numerous, in males vary. The interpretation of many studies is shadowed by methodological shortcomings in them, such as not accounting for smoking habits.' This study aimed to shed more light on the association between body height, body mass, and mortality from certain major groups of causes of death in fertile women of childbearing age by following up a cohort of women in northern Finland who were pregnant in 1966 and from whom a large amount of baseline data was collected during pregnancy, including height and prepregnancy weight.
Methods

STUDY POPULATION
The target population consisted of all pregnant women living in the two northern provinces (Oulu and Lapland) of Finland whose estimated date of delivery fell in 1966. Details of the study design are described elsewhere.2
Briefly, the women were recruited to the cohort when they visited their municipal maternity health centre on their 7th or 8th month of pregnancy. The number of recruited women who met these criteria and subsequently gave birth was 12 055; 13 of them had completed two pregnancies, the expected dates both falling in the target period. The number of deliveries in this cohort was 96% of the number of births recorded in the two provinces during 1966.2 Those cohort members for whom the personal identification number was found later on (n= 11 997) were considered eligible for the mortality study. MEASUREMENT At the recruitment visit the women completed a structured questionnaire. It contained items on demographic and socioeconomic characteristics (date of birth, marital status, municipality of residence, occupation of the subject and her husband, working and living conditions at the time of pregnancy, size of the family); educational level; smoking habits of the subject (did she smoke and how many cigarettes daily during the 12 months before pregnancy, and did she change her smoking habits during this pregnancy, how, and at which month); height (cm); and pre-pregnancy weight (kg) of the subject and an obstetric history.
For statistical analyses, height (in cm) was divided into five categories: (1) When adjusting for the effects of age and smoking by direct standardisation, the mortality rates were smallest in the median height category of 158-162cm, increasing in both low and high levels of height in all subperiods of follow up. The relative risks of the short and the tall women were greater in the first eight years than the subsequent 21 years of follow up (table 2) . This U shaped pattern was composed of opposite trends in the mortality rates from major groups of causes.
Over the whole 29 years, the short women had the highest and tall women the lowest mortality from cardiovascular diseases and from injury and violence ( were not very different from that in the whole cohort, and the results for the smoking women were statistically consistent with those for nonsmoking subjects but much less precise (not shown). 
Discussion
Our cohort was drawn from a geographically well defined source population, being virtually homogenous with regard to ethnic background, language, and religion, but covering a wide spectrum of different socioeconomic strata. The distribution of pregnant women with regard to these characteristics was, for obvious reasons, somewhat different from that in the general female population of that age range. In particular, infertile women were not included. It has been observed that body mass has a U shaped relation with the risk of infertility.6 7 Therefore, the spectrum of BMI values represented in this study population was probably narrower than it would have been in the general population of the same age range. Self reported pre-pregnancy values of height and weight were obtained from 91 % subjects. Some overestimation of height and underestimation of the true weight and BMI can be expected.8 9 This misclassification is likely to be non-differential in relation to our outcome variable, and hence it probably tended to dilute to some extent the estimates of relative riskfor example, between the obese and the normal weight subjects. It is also unlikely that we would have obtained qualitatively different results if data on BMI had been available for all subjects.
The potential confounding due to cigarette smoking was at least partly controlled for in our analyses. Self report on whether or not one was regularly smoking during the year before pregnancy is, of course, not an entirely satisfactory indicator of the usual long term smoking habits before and after the index pregnancy. Quantification of tobacco exposure was omitted, because there were so few women who reported smoking more than 10 cigarettes per day. Even so, this binary smoking variable turned out to be a strong determinant of mortality in this cohort, because the overall adjusted relative risk estimate associated with it was about two.'0 We therefore think that adjustment based on this indicator removed an essential part of confounding due to smoking and is far better than not accounting for smoking at all, which is a problem in interpreting the results of many other studies on body size and mortality.'
Other predictors of mortality, like educational level and socioeconomic status, were also adjusted for. It is obvious that some residual confounding due to both smoking habits and social background still remained after these, relatively crude, adjustments. We attempted to control for a possible confounding by some latent serious diseases which could have decreased the pre-pregnancy weight from its normal level in some women, at least partially, in two ways. Firstly, the members of the study population were healthy enough for conception and delivery. Secondly, the first seven to eight years of follow up were analysed separately from the remaining 21 years.
There was no essential loss to follow up, as the dates and causes of death in residents of Finland during this period were completely covered by the registry of causes of death. Deaths occurring in subjects who have emigrated are commonly not recorded in this registry. However, other check ups indicated that both the emigration rate was overall rather small and the coverage of emigrations by the Population Register Centre moderately good, and hence losses due to emigration apparently produced a negligible bias in the results.
We observed a U shaped relationship between body height and all cause mortality in the different subperiods of follow up. This pattern has previously been found, for example in a 17 year follow up of a Norwegian cohort, among women who were initially younger than 50 years but not in women at least 50 years, nor in men." In addition, in other studies on cohorts with an older age distribution than ours, the mortality rate of the tall subjects has not usually been greater, but rather, smaller, than those of average height, whereas short individuals generally seem to have a higher risk of death.'2 '3 The discrepancies can be partly explained by the different impacts of various causes of deaths in populations with different age distributions. Our cohort was rather young, so the proportional contribution of vascular diseases was smaller and that of tumours much larger than in older populations. Hence, the U shaped curve was a result of a net effect of the opposite mortality trends of these two major groups of causes. Among tall women, the low mortality from vascular diseases could not compensate for the relatively high death rate from tumours.
In cardiovascular diseases, the inverse association between height and mortality has been observed by many others, both in women and in men, and has also been found in studies on the incidence of cardiovascular events.'4 '5 This has often been interpreted as reflecting differences in living conditions in childhood. Individuals who are shorter than average are presumed to have been brought up in poorer circumstances than the taller ones. It is suggested that these differences lead to a gradient of cardiovascular risk factors, unfavourable for the short and favourable for the tall. ' The evidence for this hypothesis is not, however, entirely convincing.'3 It has also been suggested that an existing disease may have shortened body height, and therefore the excess mortality from, for example, vascular diseases among short individuals, may be partly explained by this 'shrinkage'." 3 Our data are too sparse to provide adequate evidence either for or against this hypothesis.
In contrast to cardiovascular diseases, cancer mortality was higher among the tall women than in the other height groups, in line with some previous observations as well as certain theoretical considerations supported by some animal experiments.'3 However, a major part of the observed associations of height with mortality from tumours, as well as any other cause group, could well be due to residual confounding by inadequately measured socioeconomic factors.'3 The numbers of deaths from injury and violence as well as from other causes were also too small for any precise conclusions. Of particular interest among these would be the respiratory diseases, for which the inverse effect of height has been one of the strongest among individual causes of death in some studies." '3 Obesity is an ever topical health concern in the western countries, particularly in Finland.""'5 There is ample epidemiological evidence of the various health hazards associated with overweight,'9 but there are still many unanswered questions and controversies, especially concerning the appropriate management of obesity. 20 21 The review by Manson et al' covered only one long term prospective study on body weight and all cause mortality in young and middle aged women in which smoking was taken into account,2' but no consistent relationship between BMI and cumulative mortality over a 25 year period was found in this Dutch cohort of only 1500 women. Since then new studies have been published on women of these ages. The U shaped pattern between BMI and total mortality during the early (first seven to eight years) and the intermediate (the next 12 years) periods of follow up observed in our study was also found in a larger cohort of Finnish women,'3 followed up for 14 years, and in a large Norwegian population." In the latter, however, control for smoking was totally lacking. Stevens et al reported a similar pattern in 25 to 28 year mortality rates for white women, but no clear pattern for black women emerged.'4 The sizes of these subcohorts were very small, so the differences between black and white women, as well as those between these cohorts and ours, are well within chance variation. Our results in the first 20 years are also consistent with the BMI-mortality curve observed over comparable follow up periods in the larger cohorts of young Dutch,"2 young and middle aged Finnish men,'6 middle aged British men,'7 and Harvard alumni. '8 One peculiar feature in our results compared with all others is that the nadir of the BMI-mortality curve in all sub-periods and among both non-smokers and smokers occurred in the category of moderate overweight (BMI 25 to < 29 kg/M2), not in the BMI group commonly considered 'normal' or optimal (21 to < 25 kg/M2). This pattern was observed over the whole period and in each major cause of death group other than vascular diseases. Even though the contrast between these two BMI groups in the first eight year period was almost 'significant' by common statistical jargon, we still hesitate to conclude that the optimal BMI is greater in northern Finnish women than elsewhere.
The relative risk of the lean women compared with those of normal weight in the first two subperiods was high, but not significantly so. As noted above, this observation is in line with many others, but there are studies in which the leanest group of the non-smoking, and otherwise apparently healthy, subcohort did not experience increased mortality. '9 30 In the last nine years, which started 20 years from the beginning of follow up, the mortality rate among the obese women was accelerating faster than in any other BMI group. This change in the BMI-mortality pattern after 20 years is consistent with the results from the Harvard alumni cohort,'8 as well as other studies in which a strong direct association between relative body weight and adverse outcome emerged only after a long-term follow up. '9 The major component in the high total mortality among the obese subjects was cardiovascular mortality.
A major restriction in all the studies referred to above, and including ours, is that weight was assessed only at the beginning of follow up. Several studies indicate that substantial weight loss, weight gain, or cycling of weight in general predict increased risk of death compared with stable weight or modest weight change at most levels of baseline weight.3' It is difficult, however, in these studies to separate the consequences of voluntary and involuntary weight loss from each other. Recently, the distribution of body fat has received increasing attention, too. It appears, for example, that the simple waist/hip ratio measurement, not performed in our study, is a stronger independent predictor of mortality than BMI. '4 Nevertheless, even a single measurement of body weight at one point in time still conveys important information on mortality risk. '8 In our cohort of fertile-aged Finnish women leanness was associated with a slightly raised mortality during the subsequent 20 years, while obesity began to predict increased risk of death after 20 years had passed since the assessment of weight. On the other hand, the optimal body height in respect of total mortality risk appears to be the average stature.
